The essential oils from the leaves, flowers and roots of cultivated Alpinia speciosa K. Schum. were examined by capillary GC and GC-MS. Monoterpenoids composed 89.6% of the total identified constituents of the leaf oil, out of which 59.3% were oxygenated, represented mainly by terpinen-4-ol (28.4%) and 1,8-cineole (19.2%). The flower and leaf oils had a uniform qualitative, but different quantitative composition. However, the flowers oil was also dominated by oxygenated monoterpenoids (68.9%) viz., terpinen-4-ol (26.0%), 1,8-cineole (24.4%) and linalool (6.1%), along with the monoterpene hydrocarbon, sabinene (11.3%). On the contrary, the root oil had an entirely different composition and was characterized by endo-fenchyl acetate (40.1%), 1,8-cineole (11.8%), camphene (7.8%), bornyl acetate (6.9%) and borneol (5.8%). Moreover, endo-fenchyl acetate, exo-fenchyl acetate and endo-fenchol were characteristic of only the A. speciosa root oil.
The genus Alpinia, comprising more than 230 species, belongs to the family Zingiberaceae. Alpinia species are used as spices, food additives and in the indigenous system of medicine [1a-1c] . Besides being used as a digestive, spleen and liver tonic, in dyspepsia, gastralgia, sea-sickness and for abdominal colic pains, various Alpinia species have been shown to possess several pharmacological properties, for example antiulcer, anticancer, myorelaxant, antispasmodic, antiinflammatory, cytoprotective and spasmolytic activities [2a-2d] .
Alpinia speciosa (syn. A. nutans Rosc.) is a robust herb, originating from the East Indies, with a leafy stem 2-3.5 m tall. The plant is commonly known as shell ginger or shellflower because of its individual pink flowers, particularly when in bud, which resemble sea shells [3, 4] . In addition, A. speciosa is well known for its wide use during World War I, when its leaves were used to make paper, which was more transparent and more rasping in nature [5a-5b]. A. speciosa is appreciated for its medicinal properties, including anti-ulcer, antioxidant, anti-hemorrhoidal, spasmolytic and diuretic activities, as well as being used, as a remedy for meteorims, catarrh and gastric disorders [6a-6f].
The chemical composition of the essential oils of various Alpinia species have been investigated [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Monoterpenoids [1,8-cineole, terpinen-4-ol, camphor, camphene, pinenes (α-, β-), and cinnamic acid] were the major constituents of A. speciosa [6b,6c, [16] [17] [18] [19] . The present investigation deals with the comparative oil composition of different parts of A. speciosa cultivated in the Tarai region at the CIMAP resource center at Pantnagar, Uttarakhand, India.
GC and GC-MS analysis of the essential oils of the leaves, flowers and roots of A. speciosa led to the identification of 35 constituents forming 86.2% to 92.2% of the total oil composition. The identified constituents with their respective percentages are given in Table I in order of their elution from a DB-5 column. Monoterpenoids contributed 89.6% of the leaf oil, out of which 59.3% were oxygenated, these being represented by terpinen-4-ol (28.4%), and 1,8-cineole (19.2%). Other constituents in significant amounts were sabinene (8.2%), p-cymene (8.0%), and γ-terpinene (5.7%). The flower essential oil was also rich in monoterpenoids (84.6%), with terpinen-4-ol (26.0%), 1,8-cineole (24.4%), sabinene (11.2%) and linalool NPC Natural Product Communications 2010 Vol. 5 *Mode of detection: Retention Index (RI), Based on homologous series of n-alkanes; C9-C25; coinjection with standards, MS (GC-MS); t = trace (<0.1%); nd : not detected.
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(6.1%) being the major constituents. Although the flower and leaf oils had a uniform qualitative composition, the constituents differed quantitatively.
On the contrary, the root essential oil possessed an entirely different composition, with fenchyl derivatives forming 42% of the total identified constituents, the major ones of which were endo-fenchyl acetate (40.1%), 1,8-cineole (11.8%), camphene (7.8%), bornyl acetate (6.9%) and borneol (5.8%). In all the investigated oils, monoterpenoids were the dominant class of constituents (84.6%-90.1%), with oxygenated monoterpenes (59.3%-71.8%) as the most abundant representatives.
It was interesting to note that the distribution profile of components of the essential oils of leaf and flower were quite similar. On the other hand, there was considerable variation in the terpenoid profile of the roots. The presence of endo-fenchyl acetate, exo-fenchyl acetate, and endo-fenchol is a unique feature of the root oil. These constituents were completely absent in the leaf and flower oils. Moreover, other constituents like cissabinene hydrate, α-thujene, cis-p-menth-2-en-1-ol and trans-p-menth-2-en-1-ol present in the leaf and flower oils were not detected in the root oil. The composition of the leaf and flower oils was very close to that reported earlier showing terpinen-4-ol and 1,8-cineole as the major constituents responsible for the characteristic sweet smell [19] . Hence, the aerial parts may be utilized as a substitute for culinary and perfumery materials. Furthermore, our analysis revealed only a limited amount of sesquiterpenoids (1.0%-2.1%) in the essential oils of A. speciosa, as compared with earlier reports in which these compounds constituted the most significant part of the oil [17] [18] [19] . This is the first time that the comparative oil composition of different parts of A. speciosa from India has been reported, as well as the unique presence of endo-fenchyl acetate, exo-fenchyl acetate, and endo-fenchol as the major constituents of the root essential oil.
Experimental
Plant materials: The fresh leaves, flowers and roots of A. speciosa were collected from CIMAP Resource Center, Pantnagar at the blooming stage. Plant herbarium and voucher specimens have been deposited in CIMAP Resource Center, Pantnagar.
Isolation of the oil: The fresh leaves, flowers and roots
(1 kg each) were subjected to hydro-distillation using a Clevenger-type apparatus for 3 h. The oil yields in leaves, flowers and roots were 0.2%, 0.3% and 0.4%, respectively. The oils were dried over anhydrous Na 2 SO 4 and were stored in sealed vials under refrigeration prior to analysis.
GC and GC-MS analysis:
The oils were analyzed on a Varian CP-3800 GC apparatus using a DB-5 non-polar fused silica capillary column (30 m x 0.25 mm i.d., film thickness 0.25 µm) equipped with a flame-ionization detector (FID). The column temperature (60-240 °C) was programmed at 3°C/min with final hold time of 10 min., using H 2 as carrier gas at 1mL/min constant flow. The injector and detector temperatures were 300°C and 310°C, respectively. Samples were injected using a split ratio 1:40; injection volume 0.5μL neat. GC/MS utilized a PerkinElmer AutoSystem XL GC interfaced with a Turbomass Quadrupole mass spectrometer fitted with an Equity-5 fused silica capillary column (60 m x 0.32 mm i.d., film thickness 0.25 µm; Supelco Bellefonte, PA, USA). The oven column temperature ranged from 70-250°C, programmed at 3°C/min, with initial and final hold time of 2 min, using He as carrier gas at 10 Essential oil of Alpinia speciosa Natural Product Communications Vol. 5 (2) 2010 281 psi constant pressure, a split ratio of 1:30, and an injection size of 0.03 µL neat; injector, transfer line and source temperatures were 250°C; ionization energy 70 eV; mass scan range 40-450 amu.
Characterization was achieved on the basis of retention time, Kovats Index, relative retention index using a homologous series of n-alkanes (C 9 -C 25 hydrocarbons, Polyscience Corp. Niles IL), coinjection with standards in GC (Aldrich and Fluka), MS library search (NIST/EPA/NIH version 2.1 and Wiley registry of MS data 7 th edition) and by comparing with the MS literature data [20a-20b] . The retention times of standards were also used to confirm the identities. The relative amounts of individual components were calculated based on GC peak areas without using correction factors.
